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Current Electronic Devices for Army 

Battlefield Superiority 

 

Future Capabilities 

will rely on the ability to specifically 

design materials for continued  

Army Soldier superiority     

on the battlefield 
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 Why Multiscale Modeling of Electronic 

Materials? 

3 

Provide the US Army with:  
• New materials and devices with unprecedented properties and capabilities 

• Strategic advantage for investing and developing materials for current/future war fighter 

• Reduce development time and cost 

• Improved and enabling materials/systems that are in line with TeCD goals (e.g., Force 

Protection, Overburden, Tactical Intelligence, Sustainability/Logistics, etc.) 

FUTURE PAYOFFS 

Sensors, Devices, 

Power and Energy 
3X in energy density 

30% more efficient 

30% longer lifetimes 

Vehicle and Soldier 

Protection 
1/3 savings in weight 

Materials by Design 
 

Provide an  

Enterprise for Innovation 

 

Empower 

Unburden and Protect 

 

 

Materials by Design 
Validated multiscale & multidisciplinary modeling capability to apriori predict material structure, 

properties, and performance.  

Three Electronic Materials Research Areas: 

• Electrochemical Energy Materials  

• Hybrid Photonics Materials 

• Heterogeneous Metamorphic Electronic Materials 
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Why Now? 

• Discovery of new materials  (e.g. graphene, metamaterials, plasmonics, 

high voltage cathodes …) 

• Need understanding and guidance for new or improved material 

development 

• Multi-core processors → Petascale, Exascale, Graphical Processing Units 

(GPUs)  

• Support maturation of electronic materials (IR, nano, e.g. CNT, WBG) 

• Advancements in UQ and V&V 
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 Modeling of Materials 
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Methods 

Challenge: Modeling a physical phenomenon from a broad range of 

perspectives, from the atomistic to the macroscopic end 

Need Modeling 

Techniques for Scalability 

Devices 

• Optics 

• Detectors 

• RF & Antennas 

• ASM 

• P&E 

• IC’s … 

Materials 

• Graphene 

• Metamaterials 

• IV, II-VI, III-V SC 

• WBG 

• Bio-inspired 
Properties 

• Elect bandgap 

• Dark current 

• p,n mobility &  

  concentration 

• Lattice structure 

           

Multiscale Modeling of Electronic 

Materials 



Atomic Structure 

Properties 

• Elect bandgap 

• Dark current 

• p,n mobility &  

  concentration 

• Lattice structure 

           

Strategic Directions 

• Devices for Networks  

• Persistent Surveillance 

• Unique electronics for BS  

  effects, sensing & processing 

• Ubiquitous Efficient Energy 

Sensors 

• IRSTA 

• Nav 

• PS/SA 

• FC 

Devices 

• Optics 

• Detectors 

• RF & Antennas 

• ASM 

• P&E 

• IC’s … 

Materials 

• Graphene 

• Metamaterials 

• IV, II-VI, III-V SC 

• WBG 

• Bio-inspired 

Multi-Scale Effects from 

Surfaces, Interfaces & Defects 

Materials Models Must Be Multi-Scale 

Multiscale Modeling of Electronic 

Materials 
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APPROACH 

Bridging the Scales  

Multiscale Material  

Characteristics & Metrics  

Advanced Experimental  

Techniques Validation & Verification 

Synthesis &  

Processing 

  

Fundamental research with a “materials by design” approach 

to relate  the response of structural and electronic materials 

across critical length & time scales to specific properties 

Multiscale/Multidisciplinary 

Materials Design Approach  

Modeling & Simulation  

Enterprise Research Strategy  

Electronic and 

Protection Materials for 

U.S. Army Systems  
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ARL 

CRA 

Effort 

Performed for each of the Electronic Materials Research Areas 

MSME CRA Multiscale Modeling 

Collaborative Strategy 
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External 

CRA 

Effort  

• Modeling and Simulation: Validated multiscale modeling of electronic materials 

design materials and predict performance by exploiting the hierarchy of scales in a 

multidisciplinary environment 

 

• Bridging the Scales: Analysis, Theory and Algorithms: Validated theoretical and 

analytical analyses to effectively define the interface physics across length scales and 

disciplines  

 

• Multiscale Modeling Material Metrics: A comprehensive set of metrics that 

electronic material for each of the three Electronic Materials Research Areas defined 

above to enable the enhancement or creation of new electronic devices 

Computational 

 Techniques 

• Validation and Verification: Comprehensive validated experimental capabilities 

bridging time and space for probing the physics and mechanisms of electronic 

materials and for verification and validation of multiscale/multidisciplinary physics 

modeling.  

 

• Synthesis and Processing: Validated modeling and techniques for the synthesis 

and processing of Electronic Materials.  

Experimental 

Analysis  

Characterization 

 

Computational 

 Techniques 
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Electrochemistry 

Focus on interfacial 

physics and chemistry; 

nano structures, solid-

liquid interface–clear 

opportunities for 

batteries, fuel cells, 

etc. 

Hybrid 

Photonics 

Interaction of photons, 

electrons, phonons–

photonics, spintronics, 

plasmonics, and 

phonons 

Heterogeneous 

Metamorphic 

Electronics 

Mixed materials, with 

partial ordering–

includes graphene, 

metamaterials, 

nanoelectronic 

structures, etc. 

MSME Crosscutting Themes 
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Cross-cutting Materials 

and Modeling Challenges 

• Verification and Validation/Uncertainty 

Quantification 

• Bridging scales: 

– Coarse graining 

– Adaptive mesh refinement 

• Transport: 

– At/across interfaces 

– Electron or photon transport 

– Energy transport 

– Mass/ion transport 

• Defects: 

– Defects, surfaces or interfaces 

– Strain 

– Impurities, Vacancies, Interstitials 

– Point Defects 

– Compositional inhomogeneities 



External MSME CRA 



 

 

 

 

 

 

 

 

 

 

 

ARL Team/Collaboration with MSME 

CRA 

Electrochemistry 

• Oleg Borodin (Batteries) 

• Kyle Grew (Fuel Cells) 

Richard Jow 

Cindy Lundgren 

Deryn Chu 

Jan Allen 

Heterogeneous 

Metamorphic 

• Terrance O’Regan 

Frank Crowne 

Pankaj Shah 

Madan Dubey 

Glen Birdwell 

Amir Zaghloul 

Steve Weiss 

Hybrid Photonics 

• Sergey Rudin 

Greg Rupper 

Priyalal Wijewarnasuriya 

Michael Wraback 

Greg Garrett 

Anand Sampath 

Ken Jones 

Randy Tomkins 

Greg Brill 

Grace Metcalfe 

CAM: Meredith Reed ARL Scientists/Collaborators 
(both modelers and experimentalists) 

Cross-cutting Materials and Computational 

Themes for Materials by Design 

 

Transport           Defects          Bridging Scales 
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TECHNICAL LEADS 



Team Members ARL/University of Utah 

Collaborative Research Alliance 

University of Utah MSME 
CRA  

Rensselaer Polytechnic 
Institute  

Boston 
University  

Brown 

Harvard Politecnico di Torino 

University of Utah 

UC Davis 

Penn 

Dmitry Bedrov 

Martin Berzins 

Feng Liu  

Mike Kirby 

Valeria  Molinaro  

George Karniadakis Giulia Galli  

Adri van Duin 

Michael Shur, Vincent Meunier , 

Saroj Nayak, Pawel Koblinsky,  

Efthimios (Tim) Kaxiras 

Enrico Bellotti 

Luca Del Negro 

Martin Herbordt 

 

 

Giuseppi Vecchi 

Francesco Bertazzi 

Spend About $3M per 

year including cost share 

Area A: Electrochemical Energy 

Area B :Hybrid Photonics 

Area C: Heterogeneous Metamorphic Electronics  



 



State of the Art in Simulation and MSME 

 



State of the Art in Multiscale Modeling 

 



Multiscale Model including Continuum 

Atomistic DPD interactions 

 



Results Velocities Scaling 

 



In Modeling and Simulation you don’t know 

how good (or bad) you are if you don’t ask. 

 



Verification and Validation 

 



Verification Validation and  

Uncertainty Quantification 

 



MSME Collaborative Plans 

• Regular meetings  

 

• Regular visits between ARL and Consortium, in both directions 

• Faculty/ARL SME Staff rotations   

• Short term and Long term visits, internships, part-time work at ARL for 

Phd’s, postdocs, students at ARL 

 

• Development of computational infrastructure for sharing data 

 

• Establish collaborative space, both at Consortium and at ARL 

• Establish collaboration between MSME, MEDE and ARL Enterprise in cross-

cutting areas 

 

• Educational efforts 

• Seminar series (one credit hour each) at BU, UU and RPI 

• Training in computational modeling and parallel computing  

• Boston University Scientific  Computing and Visualization group  

• MSME Corporate Partnership Program - currently ~50 members 

 
 



VVUQ State of the Art with Utah Uintah 

Buoyant Helium Plume Model 

 



VVUQ in a Multiscale World 

 



MSME CRA Area Overview 

 



Project A1: Lithium Ion Batteries  

an inherently multiscale problem 

 



Project A1 Multiscale Approach 

 



MSME CRA Area Overview 

 



MSME CRA Area Overview 



Area B – Hybrid Photonics Materials 

Summary 

 



Area B – Hybrid Photonics Materials 

  - 3 year Goals 

 



MSME CRA Area Overview 

 



Area C: Heterogeneous Metamorphic 

Electronics 

 



Area C: Heterogeneous Metamorphic 

Electronics 

 



MSME CRA Area Overview 

 



Area D: Cross-Cutting Themes 

 



Predictive modeling of multiple properties 

based on first principles calculations 

 



Stochastic Engineering and  

Uncertainty Quantification 

 



UintahX Software and Adaptive Mesh 

Refinement 

 



UintahX Software on Deflagration Problem 



Area D: Cross-Cutting Themes 

 



Project A1: Lithium Ion Batteries 

 



Infrastructure & Capabilities 

Electro Optics & Photonics 

Power & Energy 

• Time-Resolved Infrared Spectroscopy Facility 

• MOCVD, MBE semiconductor growth 

• Indium Phosphide 

• Gallium Nitride 

• Gallium Antimonide 

• Lead Tin Telluride 

• Mercury Cadmium Telluride 

• Gallium Arsenide 

• E-Beam Lithography System 

• i-line Lithography 

• Lithography Stepper (optical) 

• In-Process Material and Device 

Characterization 

• Piece Part to 6” Wafer Capable 

• Reformer Lab 

• Power Conditioning Lab 

• Energy Storage Labs 

• Micro Power Lab 

• Power MEMS 

Specialty Electronic  

Materials and Sensors Cleanroom 

Microanalysis 

• SEM/EDXS 

• SIMS 

• HR TEM 

• XRD 

• RF Range Facility 

• E/B – Field Sensor Suite 

• Metal & Dielectric Deposition  

• LPCVD High Temperature 

Processing and Wafer Bonding 

• RIE/ICP 

• Auger/XPS 

• AFM 

• FIB 

• Micro  Raman  



Electronic 

transport 

characterization in 

nano-scale 

structures 

DC-40GHz 

environmental 

cryogenic I/V 

probe station 

Spectral 

dissection of 

bacteria and 

thin-films  

Non-linear Optics 

Piezoelectric 

Sputtering for 

MEMS and 

communication 

devices 

III-V Etching 

for optical 

device 

fabrication 

Electric 

Field Cage 

for sensor 

evaluation 

Radar, Antenna & MFRF 

NEMS & 

MEMS PZT 
RF Material & 

Devices 

Sensors: Infrastructure & Capabilities 

Device 

Fabrication 

Electro-

Optics 

Device Fabrication 

Advanced RF 

Technology 



SiC device stress  

analysis evaluations 

Air Gun for high-G  

evaluation 

Dry Room for  

electrochemical  

cell preparation 

Single and 

multiple  

battery cell 

evaluation 

laboratories 

Fuel Cell 

evaluations 

Power Conditioning 

Lab  

Electric Drive  

Small Engine 

Evaluation 

High Power RF 

Anechoic  

Chamber 

Fuel Cell 

Powered 

Robotic Vehicle  

Jet Vapor Deposition 
Isomer Battery 

Laboratory 

Power & Energy: 

Infrastructure & Capabilities 
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